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Understanding the deflection of coronal mass ejections (CMEs) is of great interest to the space weather community because of their
implications for improving the prediction of CME. This paper aims to shed light into the effects of the coronal magnetic field environ-
ment on CME trajectories. We analyze the influence of the magnetic environment on the early development of a particular CME event.
On 2011 January 24 an eruptive filament was ejected in association with a CME that suffered a large deflection from its source region and
expected trajectory. We characterize the 3D evolution of the prominence material using the tie-pointing/triangulation reconstruction
technique on EUV and white-light images. To estimate the coordinates in 3D space of the apex of the CME we use a forward-
modeling technique that reproduces the large-scale structure of the flux rope-like CME, the Graduated Cylindrical Shell model. We
found that the deflection amounts to 42 in latitude and 20 in longitude and that most of it occurs at altitudes below 4R. Moreover,
we found a non-negligible deflection at higher altitudes. Combining images of different wavelengths with the extrapolated magnetic field
obtained from a potential field source surface model we confirm the presence of two magnetic structures near the erupting event. The
magnetic field environment suggests that field lines from the southern coronal hole act as a magnetic wall that produces the large lati-
tudinal deflection; while a nearby pseudostreamer and a northward extension of the southern coronal hole may be responsible for the
eastward deflection of the CME.
 2019 COSPAR. Published by Elsevier Ltd. All rights reserved.
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Coronal mass ejections (CMEs) are the main drivers of
geomagnetic storms. The study of their direction ofhttps://doi.org/10.1016/j.asr.2019.08.043
0273-1177/ 2019 COSPAR. Published by Elsevier Ltd. All rights reserved.
⇑ Corresponding author.
E-mail address: mariana.cecere@unc.edu.ar (M. Cécere).
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interplanetary medium is a crucial first step to estimate
their potential geo-effectiveness (see, e.g., Zhuang et al.,
2017). The characterization of the coronal environment
along the CME’s early development is of utmost impor-
tance for finding potential structures that could influence
the CMEs trajectory and hence make an assessment ofge non-radial propagation of a coronal mass ejection on 2011 January
2 M. Cécere et al. / Advances in Space Research xxx (2019) xxx–xxxthe likelihood of an Earth encounter. CME events suffering
deviations from the original direction of propagation (here-
after CME deflections) have been observed since the early
days of space-borne coronagraphy (Hildner, 1977). Subse-
quently, several studies in both modeling and observations
have focused on the investigation of CME deflections and
their causes (e.g., Gui et al., 2011; Zuccarello et al., 2012;
Liewer et al., 2015; Kay et al., 2016; Capannolo et al.,
2017).
There are several solar magnetic structures which can
affect the trajectory of a CME. Previous studies suggest
that coronal holes (CHs) act as magnetic walls that deflect
CMEs away from them (e.g., Cremades et al., 2006;
Gopalswamy et al., 2009; Panasenco et al., 2013) while
the heliospheric current sheet (HCS), streamer-belt (SB)
or pseudostreamers (PSs) may be favorable for channeling
CMEs through these regions of low magnetic energy (Xie
et al., 2009; Zuccarello et al., 2012; Lynch and
Edmondson, 2013; Kay et al., 2013; Liewer et al., 2015;
Yang et al., 2018). The magnetic pressure gradient over a
CME would induce a net force in this direction (Gui
et al., 2011; Shen et al., 2011; Liewer et al., 2015). Further-
more, the magnetic gradient perpendicular to the radial
direction is larger at lower altitudes than at higher
altitudes.
Nowadays, a myriad of space-borne instruments at sev-
eral vantage points allows us to draw a consistent picture
of the evolution of a CME from its very inception on the
Sun and through its early development in the lower corona.
Several studies have traced CME trajectories using obser-
vations from the imagers on board the twin spacecraft
(S/C) of the Solar-Terrestrial Relations Observatory
(STEREO; Kaiser et al., 2008) mission (e.g., Mierla
et al., 2008; Panasenco et al., 2011); or by combining
images from several missions: for instance using data from
STEREO (ST), the Solar and Heliospheric Observatory
(SOHO; Domingo et al., 1995), and the Solar Dynamics
Observatory (SDO; Pesnell et al., 2012), as presented in
e.g., Panasenco et al. (2013); and also including data pro-
vided by the SWAP (Sun Watcher with the APS and Image
Processing; Halain et al., 2013; Seaton et al., 2013) imager
on board the Project for OnBoard Autonomy 2 (PROBA2;
Santandrea et al., 2013; see e.g., Mierla et al. (2013), Sarkar
et al. (2019)).
In this paper we study a CME that occurred on 2011
January 24 that was deflected in both the latitudinal and
the longitudinal direction with respect to the source region
location. A filament erupting near a coronal hole was
strongly deflected towards the equator and weakly
deflected eastwards in direction towards a nearby PS while
moving away from a northward extension of the southern
polar CH. To follow the trajectory of the CME compo-
nents we use the images from EUV imagers (SDO/AIA
and STEREO/EUVI) and the white-light images from
coronagraphs (SOHO/LASCO-C2, STEREO/COR1 and
STEREO/COR2). On the basis of these images we use
the tie-pointing (TP) method to reconstruct thePlease cite this article as: M. Cécere, M. V. Sieyra, H. Cremades et al., Lar
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graduated cylindrical shell (GCS) model to follow the apex
of the CME. We analyze the deflection in terms of the coro-
nal magnetic environment through which the prominence
evolves, and how it influences the final direction of the
CME.2. Event identification and methodology
The analyzed event is a case study from an ongoing lar-
ger study on CME deflections, where we systematically
analyze a number of cases to understand how the magnetic
environment causes deviations in the trajectory of the
CME from a radial direction. We analyze the period of
time ranging between October 2010 and October 2011
when the solar activity was in the rising phase of solar cycle
24. One of the main advantages of this time period is that
the STEREO spacecraft are almost in quadrature with
respect to the Sun-Earth line (ST-A is 86 away to the
east and ST-B 92 to the west), which facilitates simplified
three-dimensional imaging of the Sun and low corona in
combination with observatories located along the Sun-
Earth line.
The investigation is carried out using extreme-ultraviolet
(EUV) images from (i) the SWAP instrument on board
PROBA2; (ii) the Extreme-Ultraviolet Imager (EUVI) of
the SECCHI instrument suite (Sun-Earth Connection Cor-
onal and Heliospheric Investigation; Howard et al., 2008)
on board the twin STEREO S/C; and (iii) the AIA (Atmo-
spheric Imaging Assembly; Lemen et al., 2012) on board
SDO. In addition, we characterize the CME by means of
white-light images from the SECCHI COR1 and COR2
coronagraphs on board both STEREO S/C and from
LASCO-C2 (Large Angle Spectroscopic Coronagraph;
Brueckner et al., 1995) on board SOHO.
In order to make a first selection of CMEs, we looked
for events exhibiting large deflections –see definition
below– with respect to the initial radial direction (as pro-
jected onto the plane of the sky of the instrument used).
We first consider the eruptive filaments as reported by both
the AIA Filament Eruption Catalog (McCauley et al.,
2015) and the NASA CDAW prominence eruption catalog
(Yashiro et al., 2013) and we determine their central posi-
tion angles (PAs) prior to their eruptions observations in
SDO/AIA 304 A images. The PA is the measure of pro-
jected angular distance determined in degrees counter-
clockwise from the solar north pole. To establish the
associated CMEs we use information from the SOHO
LASCO CME Catalog (Yashiro et al., 2004). We do not
consider the CME PAs reported by this catalog, but rather
we determine them in SOHO/LASCO-C2 images to avoid
biases due to white-light shocks sometimes present in the
images. Our baseline sample is then comprised of those
events for which the absolute angular difference between
CME PA and filament PA is greater than 20. We chose
a minimum of 20 difference in agreement with the averagege non-radial propagation of a coronal mass ejection on 2011 January
Fig. 1. Composite image using a SDO/AIA 304 A(reddish color) image
and a PROBA2/SWAP 174A(yellowish color) image that extends the view
of the corona on 2011 January 24. The blue cross marks the central
location of the source region. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)
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found 28 candidates with strong deflections out of a total
of 143 prominence eruptions associated with CME events.
It is worth noting that in some of these cases both the fila-
ment’s and CME’s PAs may be significantly different when
a filament erupts in an asymmetric fashion (see e.g.
Tripathi et al., 2006; Liu et al., 2009).
To characterize the ‘‘true” deflection, i.e., the deflection
in 3D space, for each event we characterize the difference
between the longitude and the latitude of the mid-point
of the source region of the event (namely, the filament in
its pre-eruptive stage as observed in Ha) and those of the
apex of the central axis of both the corresponding eruptive
filament and CME (as observed in the EUV low corona
and in the white-light corona).
In this work we analyze one case (January 24, 2011),
that presents not only a large deviation between the source
and the CME, but also a large deflection of the CME from
its initial direction of propagation at significantly higher
altitudes ( ð2  4ÞR) than is typically reported in coro-
nal images between ð1  2:5ÞR (Zuccarello et al., 2012;
Liewer et al., 2015; Kay et al., 2017). Gui et al. (2011)
found deflection at exceptionally larger heights of
ð2:5  4ÞR.
To examine the deflection from the lower corona out-
ward we use the images provided by the instruments on
board the twin STEREO telescopes: EUVI (304A),
COR1, and COR2; in addition to observations from
SDO/AIA (304A) and SOHO/LASCO-C2.
To characterize the 3D evolution of the prominence
material we use the tie-pointing reconstruction technique
or triangulation, (see e.g., Inhester, 2006; Mierla et al.,
2010) on the EUV images. The prominence material
becomes the core of the CME as seen in the coronagraph
images. The tie-pointing method uses a pair of images to
trace the line-of-sight of a point selected in one image into
the FOV of the second image. This line is called the epipo-
lar line (see Inhester, 2006, for details on the epipolar
geometry). The tie-pointing method is convenient when
the triangulated structure is compact and well defined.
Although the prominence is clearly visible in the FOV of
SWAP, we were not able to apply the tie-pointing method
to this data because the corresponding ST/EUVI 171A
images available to perform triangulation have very low
cadence.
One of the most suitable and straightforward methods
used to reproduce the large-scale structure of a flux rope-
like CME is the forward-modeling technique. In this work,
we use the Graduated Cylindrical Shell (GCS) model tech-
nique (Thernisien et al., 2006; Thernisien et al., 2009;
Thernisien, 2011). This methodology allows us to estimate
the coordinates of the apex of the CME in 3D space.
Briefly, the model consists of a tubular section forming
the main body of the structure attached to two cones that
correspond to the ‘‘legs” of the CME. Only the outer envel-
ope of the CME is modeled; i.e., there is no rendering of itsPlease cite this article as: M. Cécere, M. V. Sieyra, H. Cremades et al., Lar
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fitting the model to the CMEs observed in coronagraph
data are: direction of propagation (longitude and latitude),
height of the apex, the half angular width, the tilt angle
around the axis of symmetry (with respect to the solar
equator), and the aspect ratio of the model which sets the
rate of expansion versus the height of the CME (self-
similar expansion). Although several combinations of
model parameters may seemingly fit the same CME, with
proper constraints (e.g., using three viewpoints instead of
two, considering the associated erupting prominence incli-
nation, and a proper spacecraft-CME configuration) the
GCS model is a valuable tool to ascertain the overall 3D
properties of CMEs.
3. Event description
Fig. 1 shows a composite image of SDO/AIA 304A and
PROBA2/SWAP 174A observations. Note that the field of
view of the latter allows us to follow the feature of interest
further out compared to SDO/AIA. The erupting promi-
nence is seen above the southwest limb. The central loca-
tion of the quiescent filament before eruption (henceforth
source region) is indicated with a blue cross at the south-
west hemisphere, at ð53; 358Þ in the Carrington coordi-
nate system at 10:11 UT on January 23, 2011. Its projected
length is of the order of 100 Mm, as measured in Ha before
the eruption. The filament starts to rise at 19:00UT, first
releasing its western leg before finally erupting at 01:30 UT
the next day. The ejected material can be seen to move
towards equatorial latitudes from its source region, as
can seen in the figure.
To the southwest of the filament there is a CH, shown in
Fig. 2, which exhibits an extension towards the solarge non-radial propagation of a coronal mass ejection on 2011 January
Fig. 2. Magnetic open field lines with positive polarity (green lines)
overplotted on STEREO-A/EUVI 195 Aimage on 2011 January 23. The
magenta lines represent magnetic field lines with negative polarity. The
yellow cross marks the central location of the source region. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
4 M. Cécere et al. / Advances in Space Research xxx (2019) xxx–xxxequator. The figure shows the CH magnetic field obtained
by the Potential Field Source Surface (PFSS) model
(Schrijver and De Rosa, 2003) superposed on a ST-A/
EUVI 195A image obtained at 18:15UT on 2011 January
23 that has been processed with a multi-resolution,
wavelet-based technique to enhance it (Stenborg et al.,
2008). The green lines represent the open field lines emerg-
ing from the solar surface (the lines in magenta color rep-
resent open field lines with opposite polarity).
In order to trace the evolution of the prominence (see
Fig. 3) we use the intrinsic function max from theFig. 3. Left panel: Composite trace image with PROBA2/SWAP 174A (green)
EUVI trace image at 304 A (red) on same day. On both panels, coronal hole m
references to colour in this figure legend, the reader is referred to the web ver
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data (2D images along time), between 00:00UT and
04:00UT on January 24 from the Earth and STEREO-A
views. The left panel shows a composite trace image with
PROBA2/SWAP 174A (greenish color) and SDO/AIA
304A (reddish color) while the right panel shows the trace
of the prominence in ST-A/EUVI 304A (reddish color).
The green lines represent the coronal hole magnetic field.
Fig. 4 shows the magnetic field obtained by the PFSS
model for the Earth view (top and middle panels) and for
the ST-A view (bottom panel). Green and magenta lines
represent open magnetic field lines and white ones are
closed field lines. In the top panel of Fig. 4 we indicate with
red letters the polarities (PP: positive polarity, NP: negative
polarity) of the footpoints of the arcades (thick cyan lines
between cyan arrows) that compose the base of the pseu-
dostreamer located at ð11; 294Þ and denoted as PS. In
the middle and bottom panels of the same figure we point
out with yellow numbers few thick green open lines that
surround the PS.
These lines originate at the eastern edge of NOAA AR
11147 (lines 1–2) and the southern CH (lines 3–5).
Fig. 5 shows the prominence and the CME at different
heights from the three points of view of the different tele-
scopes. In the upper panels, from left to right, we see the
prominence from the viewpoints of ST-B/EUVI, SDO/
AIA and ST-A/EUVI (304A) at 00:27UT. The PA of
the prominence measured from the AIA 304A image at
00:27 UT was 218 (see yellow angle in top middle panel).
The middle panels show the CME in ST-B/COR1, SOHO/
LASCO-C2 and ST-A/COR1 respectively, at 03:45UT.
We can see the core of the CME in the STEREO corona-
graphs and the leading edge in the three images. In the bot-
tom panels, we show the images of the CME at 06:50UT
in ST-B/COR2, SOHO/LASCO-C2 and ST-A/COR2. The
difference between the PA of the prominence and the PA of
the apex of the CME (250 – see bottom middle panel of
Fig. 5) is 32. This measurement is however a first proxyand SDO/AIA 304A (red) on 2011 January 24. Right panel: STEREO-A/
agnetic field lines are overplotted as green lines. (For interpretation of the
sion of this article.)
ge non-radial propagation of a coronal mass ejection on 2011 January
Fig. 4. PFSS extrapolation of the magnetic field on 2011 January 24. Top
and middle panel: Earth view. Bottom panel: STEREO-A view. The
coronal hole (CH), pseudostreamer (PS), active region (AR) and the
filament (F) positions are indicated. The green lines are open magnetic
field lines with positive polarity (PP) and the magenta ones are open
magnetic field lines with negative polarity (NP). The yellow numbers
indicate some of the thick green open lines that surround the PS. With
cyan arrows we indicate some thick cyan closed lines that compose the
arcades and the base (with negative polarity) of the PS. The white lines
represent closed magnetic field lines. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of
this article.)
Fig. 5. Evolution of the prominence, CME core and leading edge on 2011
January 24. From left to right and top to bottom: ST-B/EUVI, SDO/AIA,
ST-A/EUVI 304A at  00:26UT; ST-B/COR1, SOHO/LASCO-C2, ST-1/
COR1 at  03:45UT; ST-B/COR2, SOHO/LASCO-C2, ST-A/COR2 at
 06:50UT. Yellow lines indicate the PA of the prominence and the green
one the PA of the apex of the leading edge. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)
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projected on the plane of the sky.4. Results
4.1. Latitudinal and longitudinal behavior
As mentioned in Section 2, to obtain the real CME
deflection from the position of the source region we track
the 3D coordinates of the prominence, CME core and lead-
ing edge in time. Hence, for specific points in time we trian-
gulate the part of the prominence which will become the
core of the CME using pairs of EUV images of the low cor-
ona (SDO/AIA, ST-A/EUVI) and (SDO/AIA, ST-B/
EUVI). Then we follow its evolution at higher altitudes
using images from the white-light coronagraphs SOHO/
LASCO-C2, STEREO/COR1 and STEREO/COR2. In
the upper panel of Fig. 6 we only show the portion of
prominence triangulated with (SDO/AIA, ST-A/EUVI)
304 A at 00:15UT. For each point in time (indicated by
a white cross in the SDO/AIA image), to determine the
uncertainty in the measurement of the extended structure,
we select three different points along the epipolar line (indi-
cated by colored crosses in ST-A/EUVI image). With these
measurements we obtain averaged latitude, longitude and
height values and calculate the error in the triangulationge non-radial propagation of a coronal mass ejection on 2011 January
Fig. 6. Top panel: Triangulation of the prominence using images of SDO/
AIA 304 A and STEREO-A/EUVI 304 A at 00:15UT on 2011, January
24. On the right panel the white cross marks the structure selected on
ST-A/EUVI image to triangulate. On the left panel, the colored crosses
mark the 3 points selected along the epipolar white line to determine the
uncertainty in the measurement to the extended structure. Bottom panel:
GCS model of the CME using images of STEREO/COR2 and SOHO/
LASCO-C2 at 07:10 UT on 2011 January 24.
Fig. 7. Values of latitude and longitude vs. time on 2011 January 24. The
circular symbols represent the averaged values obtained from the tie-
pointing method (on the prominence) and the squared symbols the values
from the GCS model (corresponding to the CME apex).
6 M. Cécere et al. / Advances in Space Research xxx (2019) xxx–xxxas the maximum value of the differences between the aver-
age value and each measurement. Also, we consider the
contribution to the error in longitude
atanðdeptherror=RCMEÞ due to the triangulation method,
where deptherror is the depth error ds= sinðcÞ (see e.g.,
Mierla et al., 2009). The parameter c is the base angle
between two spacecraft and ds is the pointing error along
the epipolar line in both images. To determine ds we con-
sider a pointing error along the epipolar line of 5 pixels
in SDO/AIA, 2 pixels in STEREO/EUVI, 1 pixel in
SOHO/LASCO-C2 and in STEREO/COR1 and 2 pixels
in STEREO/COR2. These quantities are the result of the
dispersion of pixels obtained when trying to triangulate
the same point. After comparison of these two errors in
longitude (due to the triangulation and to the depth error)
we choose the larger one. These errors are shown as error
bars of the filled circles in Fig. 7.
We use the GCS model to measure the CME apex coor-
dinates of the leading edge using triplets of images from
SOHO/LASCO-C2, ST-A/COR1 and -B; and SOHO/
LASCO-C2, ST-A/COR2 and -B. The bottom panel of
Fig. 6 shows (in green contours) the fit obtained with ST-
B/COR2, SOHO/LASCO-C2, and ST-A/COR2 images
around 07:10UT. For each point in time we perform the
best fit. To assess the error in the GCS determination of
latitude, while keeping the other parameters fixed, wePlease cite this article as: M. Cécere, M. V. Sieyra, H. Cremades et al., Lar
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until the fit was unacceptable. We repeated the same
procedure for the longitude and height.
Fig. 7 shows the latitude and longitude averaged values
obtained from applying the triangulation method to the
prominence (red filled circles) using the pairs of images
(SDO/AIA, ST-A/EUVI) and (SDO/AIA, ST-B/EUVI)
as a function of time. Green circles represent the core aver-
aged latitude and longitude values obtained from the trian-
gulation method using (SOHO/LASCO-C2, ST-A/COR1)
and (SOHO/LASCO-C2, ST-B/COR1) images, while blue
circles correspond to the averaged values of latitude and
longitude of the core from (SOHO/LASCO-C2, ST-A/
COR2) and (SOHO/LASCO-C2, ST-B/COR2) pairs. In
addition, squares represent latitude and longitude of the
apex of the CME leading edge obtained from the GCS
model (green squares for ST-B/COR1, SOHO/LASCO-
C2, ST-A/COR1 and blue ones for ST-B/COR2, SOHO/
LASCO-C2, ST-A/COR2). From the figure we see that
within a period of 6 h (after 00:00 UT) the prominencege non-radial propagation of a coronal mass ejection on 2011 January
M. Cécere et al. / Advances in Space Research xxx (2019) xxx–xxx 7(circles) suffers a latitudinal deflection of 39 (from 51 to
12) and a longitudinal deflection of 10 (from 353 to
343). At 01:50 UT the leading edge (squares) becomes vis-
ible on the coronagraphs ST-A/COR1 and -B with central
coordinates at ð34; 348Þ. At 07:08 UT, the total latitudi-
nal deflection of the CME apex throughout its journey in
the white light corona amounts to 23, and the longitudinal
deflection to 10. Then, the total deflection of the CME
apex with respect to its source region is 42 in latitude
and 20 in longitude.
Fig. 8 shows the deflection in latitude and longitude as a
function of height. We note that most of the latitudinal
deflection occurs below 4 solar radii, while the longitude
decreases smoothly with altitude.5. Discussion
As described in the previous section, the deflection with
respect to the source region of the prominence and its asso-
ciated CME is in this case mainly in the latitudinal direc-
tion. From Fig. 8 we note that the growth rate in latitude
changes at a height of  4R and then becomes almostFig. 8. Same as Fig. 7 but with latitude and longitude plotted as a
function of height.
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deflection, 17 (from 34 to 17). As suggested by
Shen et al. (2011), Gui et al. (2011), Zuccarello et al.
(2012), Kay et al. (2013), Kay et al. (2017), Yang et al.
(2018), the magnetic forces acting on the CME are rela-
tively strong up to  4R. However, it has also been sug-
gested (Mierla et al., 2008; Gui et al., 2011; Kay et al.,
2015) that above this height the magnetic field could be still
strong enough to deviate coronal eruptions. Indeed, as we
see from Fig. 8 that above 4R the apex of the leading edge
suffers a deflection of only 6, both in longitude and
latitude.
In Fig. 9 we see the classic Carrington map of rotation
2106 obtained from Wilcox Solar Observatory Source Sur-
face Synoptic Charts (Schatten et al., 1969; Altschuler and
Newkirk, 1969; Hoeksema et al., 1983). The Carrington
map shows the coronal magnetic field at 2.5 R calculated
with a potential field model from photospheric field obser-
vations taken along a solar rotation. The field in the pho-
tosphere is assumed to be radial. The horizontal axis
shows the Carrington longitude and the vertical axis is
the latitude. The shaded areas are open magnetic field
regions and the black solid line represents the heliospheric
current sheet. The initial position of the source ð53; 358Þ
is denoted with a black circle, and the final position of the
apex of the leading edge at ð11; 338Þ with a red circle.
Also, we show the location of an active region in close
proximity (blue letters), the CH mentioned in Section 3
(light grey-shaded area), and the central position of the
pseudostreamer at ð11; 294Þ (cyan circle). The black
arrow indicates the deflection in both latitude and longi-
tude. We see that the CME trajectory deflects mostly lati-
tudinally away from the southern part of the coronal
hole (also see Figs. 1 and 3), and longitudinally towards
the east moving away from the western part of the CHFig. 9. Source Surface Synoptic Chart of Carrington rotation 2106 from
Wilcox Solar Observatory. The black solid circle indicates the position of
the source region and the red one the last central position of the CME
leading edge. The black arrow indicates the CME deflection from its
source region. The cyan circle represents the location on the solar surface
where the magnetic fields from the eastern region of the AR and from the
southern CH join and produce the double arcade of the PS. Colored text
indicates the coordinates (latitude, Carrington longitude) of the three
locations. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)
ge non-radial propagation of a coronal mass ejection on 2011 January
8 M. Cécere et al. / Advances in Space Research xxx (2019) xxx–xxx(seen in Fig. 2) and and in the direction of the PS location
(see Figs. 4 and 9).
In the first stages of the eruption the prominence erupts
asymmetrically, as its northwestern leg is released before its
southeastern leg. As pointed out by Liu (2008) and Liu
et al. (2009) the strength and asymmetry of the background
coronal magnetic field can constrain the trajectory of the
filament eruption (see also review by Parenti, 2014). In
our case, this asymmetric eruption would have a direction
of propagation towards the southeast; however the influ-
ence of the coronal hole to the south seems to be stronger
in this case, given that the final trajectory of the promi-
nence is towards the northeast. Several authors have shown
that open magnetic fields from coronal holes can act as
magnetic walls causing the CMEs to perform non-radial
motions away from these structures (e.g., Cremades
et al., 2006; Gopalswamy et al., 2009; Panasenco et al.,
2011; Mohamed et al., 2012; Panasenco et al., 2013), while
a streamer or a pseudostreamer can resemble a potential
well for CMEs (Xie et al., 2009; Panasenco and Velli,
2013; Lynch and Edmondson, 2013; Kay et al., 2013;
Liewer et al., 2015; Yang et al., 2018). After the in-depth
analysis of this event, we agree with the assumption that
the (southern) CH seems to act as a magnetic wall, which
is supported by Fig. 3. This would produce the strongest
deflection of the CME towards the solar equator. At the
same time, the CME is slightly deflected longitudinally
towards the eastern PS, presumably because this region
holds lower magnetic energy or because of the influence
of the equatorward extension of the CH to the west of
the source region, or a combination of both. According
to Xie et al. (2009) the deflection of slow CMEs
(< 400km=s) has a preference towards potential wells. This
CME is particularly slow, exhibiting a speed of the order of
only 360km=s.6. Conclusions
With the goal of gaining a better understanding of CME
deflections, we tracked the evolution of the three-
dimensional location of the CME on January 24, 2011; in
particular that of its apex, core, and associated erupting
prominence. The analyzed event showed a large deflection,
not only with respect to its source region, but also to itself
at high coronal altitudes as compared with lower coronal
altitudes. Although most of the deflection takes place in
the latitudinal direction, there is a notable deflection in lon-
gitude as well. We find that the main deflection occurs
below the height of 4R, however, the CME still continues
to clearly deflect in both latitudinal and longitudinal direc-
tions at larger distances from the Sun. By analyzing the
magnetic field background through the PFSS model and
the position of characteristic magnetic structures in close
proximity of the filament such as a coronal hole and a
pseudostreamer, we suggest that the main latitudinal
deflection is due to the open magnetic field of the southernPlease cite this article as: M. Cécere, M. V. Sieyra, H. Cremades et al., Lar
24, Advances in Space Research, https://doi.org/10.1016/j.asr.2019.08.043CH and that the deflection to the east may be influenced by
the presence of a low magnetic energy region located in the
reconnection point of the pseudostreamer and to the west-
ern region of the CH. To better understand how the mag-
netic environment affects the trajectory of the CME we are
carrying out an extensive and systematic study comprising
about 30 deflection events to be published in a forthcoming
paper.
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Mierla, M., Inhester, B., Marqué, C., Rodriguez, L., Gissot, S., Zhukov,
A.N., Berghmans, D., Davila, J., 2009. On 3D Reconstruction of
coronal mass ejections: I. Method description and application to
SECCHI-COR data. Solar Phys. 259, 123–141.
Mierla, M., Seaton, D.B., Berghmans, D., Chifu, I., De Groof, A.,
Inhester, B., Rodriguez, L., Stenborg, G., Zhukov, A.N., 2013. Study
of a prominence eruption using PROBA2/SWAP and STEREO/EUVI
Data. Solar Phys. 286, 241–253.
Mierla, M., Davila, J., Thompson, W., Inhester, B., Srivastava, N.,
Kramar, M., St, O.C., Cyr, G. Stenborg, Howard, R.A., 2008. A quick
method for estimating the propagation direction of coronal mass
ejections using STEREO-COR1 images. Solar Phys. 252, 385–396.
Mohamed, A.A., Gopalswamy, N., Yashiro, S., Akiyama, S., Mäkelä, P.,
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